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Background. Vascular injuries caused by firearms are rare among children. In this paper we discuss the surgical methods
of treating peripheral vascular injuries due to firearms in children.
Materials and methods. Forty-four patients with peripheral vascular injuries due to firearms were included in this ret-
rospective study. The patients were under the age of 14 and treated in our clinic between January 1985 and December 2004.
Results. Vascular injuries due to firearms in children made up 4.9% of all cases of vascular trauma in our clinic. The male
to female ratio was 38:6, and the age range was 3e14. The survival rate was 98% and the rate of limb salvage was 91%.
For arterial and venous injuries, a saphenous vein interposition graft and interrupted sutures were often preferred
surgically.
Conclusion. Peripheral vascular injuries due to firearms in children and other accompanying traumas can be easily iden-
tified and treated, and have low morbidity and mortality with an acceptable limb salvage rate if a rapid and effective
approach is used.
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The treatment of vascular injuries in adults has been
well defined.1e3 Vascular injuries caused by firearms
are rare in children and pose a different problem to
those in adults. The total blood volume in children is
much smaller than in adults. The arteries of children
have small calibers and they are inclined to spasm.4
Bone, nerve and soft tissue injuries usually accompany
vascular injuries in these patients.3,5 Early revascular-
ization with temporary shunts, the use of autologous
tissue, major venous reconstruction and reliable tissue
coverage are the mainstays of management.6e8 Phar-
macological agents that are helpful in aborting the
vasoactive response include papaverine injected into
the adventitia or administered topically.9 Therefore,
a multidisciplinary approach with orthopedic, hand,
and plastic surgery involvement is frequently needed.5
Good short-term and acceptable long-term outcomes
have been achieved despite significant limb injuries.
This paper describes our experiences with pediatric
vascular injuries caused by firearms, along with the
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type of vascular repair and the treatment choices in
our clinic.
Materials and Methods
Retrospective analysis of peripheral vascular injuries
due to firearms in children was carried out. This
group included 44 pediatric patients under the age
of 14 treated for vascular damage resulting from fire-
arm injuries between January 1985 and December
2004 in the Cardiovascular Surgery Clinic, Medical
School of Dicle University. Our research hospital
serves as a referral hospital for eleven cities through-
out the southeast and eastern regions of Turkey. The
majority of cardiac and vascular trauma patients are
transferred to this center for diagnosis and treatment.
In this country, the age limit in pediatric surgery is 14.
Vascular injuries were identified from clinical find-
ings. Hand-held Doppler was used to identify preop-
erative and early postoperative distal arterial flow.
Color Doppler ultrasonography was used only for
late postoperative follow ups.
Arteriography was selectively applied. A preopera-
tive arteriogram was used in patients in whom an
arterial injury was indicated by physical findingsrved.
691Peripheral Vascular Injuries Due to Firearms in Childrenbut in whom critical ischemia was not present. It was
also performed in patients in whom the presence of
arterial injury could not readily be assessed, or
when surgical exploration was difficult. For upper
limb injuries, the indication for angiography was
broadened since the excellent collateral circulation
around the shoulder and elbow can often maintain
pulses and a good Doppler flow.
Surgical interventions were carried out under gen-
eral anesthesia in all patients. During the operation,
IV unfractionated heparin (Liquemine, 25,000 IU/
5 ml, Roche) was administered with a 100 unit/kg
bolus dose followed by a constant hourly infusion of
25 unit/kg given to the patients except for those
with multiple trauma, head trauma, ophthalmic
trauma, or multiple-fragmented bone or pelvic frac-
tures. After hemodynamic stabilization and bone fixa-
tion were achieved, the distal and proximal ends of
traumatized arteries were suspended. Damaged vas-
cular tissues were resected. Thrombectomy was per-
formed when necessary. A temporary shunt was not
used in any of the patients. The proximal and distal
ends of arteries were irrigated with 0.1% unfractio-
nated heparin solution. The repair in patients with
no tissue loss and with suitable ends was achieved
with end-to-end anastomosis. In the case of damaged
arteries graft interposition was performed. All vas-
cular anastomoses were completed with interruption
suture techniques using nonabsorbable monofilament
suture material.
Major venous injuries associated with an arterial
injury were repaired provided that the procedure
could be performed rapidly and did not delay the
treatment of other injuries. Venous repair was per-
formed before arterial repair in order to decrease
venous pressure and tissue compartment pressure.
Brachial vein repair was used in patients with large
soft tissue defects in the upper extremities. Fas-
ciotomy was performed as soon as possible in
those who had stage 1 compartment signs (pain,
swelling and paresthesias).10 Intravenous antibiotic
prophylaxis was performed in all patients. After the
operation, anticoagulant and pentoxifylline were ad-
ministered for two days to all patients. Anticoagulant
treatment was continued until the ischemic findings
improved.
In this region, there is a high rate of emigration due
to acts of violence and poor economic conditions. For
that reason not all of the patients could be contacted.
Thirteen patients were contacted in the late period
through the address and telephone records in
their files. All the patients contacted were physically
examined and vascular Doppler ultrasonography
was performed.Results
Vascular injuries due to firearms in children made up
4.9% of all cases of vascular trauma in our clinic. The
male to female ratio was 38:6, the age range was 3e14,
and the average age was 10 3.2. The time periods
within which the patients were admitted to the hospi-
tal were as follows: in 30 cases within 4 hours, in 8
cases 4e12 hours and in 6 cases 12e24 hours. Signs
of severe ischemia were present in 7 cases (ischemic
pain, sensory or motor dysfunction, profound temper-
ature difference).11 There were 50 arterial injuries in
44 children. Isolated arterial injury was seen in 19
(43.1%) patients; both arterial and venous injuries
were seen in 25 (56.8%) patients. There were no iso-
lated venous injuries. There were localized arterial
injuries to the lower extremity in 30 (68.2%) patients
and to the upper extremity in 14 (31.8%) patients.
Most venous and arterial injuries were to the femoral
vein and artery.
The most frequently determined clinical finding
was an open wound adjacent to a major artery. There
was arterial bleeding at the injury site in 36 (81.8%)
patients. Distal pulse loss was found in 41 (93.2%)
patients. Concerning the operation, complete arterial
separation was found in 43 (97.7%) patients. In spite
of the complete arterial section, distal pulses were
seen in two cases. In these cases arterial injuries
were in the region of the axillary and radial arteries.
The number of injuries accompanying vascular
trauma was 42.
Vascular injuries were treated surgically. In arterial
and venous reconstruction (Tables 1e2), the surgical
technique most frequently used was saphenous vein
interposition grafts. The repair was achieved in 6 pa-
tients with no tissue loss and with suitable ends using
end-to-end anastomosis. Since the fractured artery
was not suitable for primary repair, graft interposition
was performed. A synthetic graft was performed in
the axillary artery (the saphenous vein was not suffi-
cient for arterial reconstruction), a basilic vein graft
was performed in another artery (the brachial artery),
saphenous vein interposition grafts were performed
in 38 arteries, ligation was performed in 3 arteries
and thrombectomy was performed in one artery be-
cause there was no circulation, due to thrombus. In
3 cases, the injury was at the trifurcation of the popli-
teal artery. The saphenous vein was interposed. Sa-
phenous vein interposition was performed between
the popliteal artery and the posterior tibial artery. In
3 of these cases, the anterior tibial artery was ligated.
Out of 25 venous injuries accompanying arterial in-
juries, 24 were repaired. Regarding the surgical tech-
nique, saphenous vein interposition was performedEur J Vasc Endovasc Surg Vol 32, December 2006
692 M. Goz et al.Table 1. Distribution of the arterial injuries and how they were repaired and amputation rate in the regions of vascular injuries
Location of
arterial Injury


















Total 50 (100) 1 (2) 1 (2) 1 (2) 3 (6) 6 (12) 38 (76) 4 (9,1) e
Upper limb 17 (34) 1 (2) 1 (2) 1 (2) e 4 (8) 10 (20) 1 (2,3) e
Axillary 3 (6) 1 e e e e 2 e e
Brachial 8 (16) e 1 1 e 1 5 1 (2,3) 24
Radial 3 (6) e e e e 2 1 e e
Ulnar 3 (6) e e e e 1 2 e e




15 (30) e e e e 1 14 2 (4,5) 18e20
Popliteal 14 (28) e e e e 1 13 1 (2,3) 20
Anterior tibial 3 (6) e e e 3 e e e e
Posterior tibial 1 (2) e e e e e 1 e ein 14 cases for venous repair, end-to-end anastomosis
in 6 cases, lateral suture in 4 cases, and ligation in one
case.
In addition to vascular surgery, bone fixation repair
was performed in 18 cases, tendon repair in 3 cases
and nerve repair in 3 cases (Table 3). Other nerve in-
juries were not repaired due to large nervous defects.
Fasciotomy was performed in 8 cases due to class 1
compartment syndrome. In 10 cases, because of a large
tissue defect, a skin graft and skin-muscle flap were
used in plastic surgery.
Four patients underwent surgery due to graft
thrombosis in the early postoperative period. Three
of these had undergone saphenous vein interposition
and the other had undergone end-to-end anastomosis.
In the end-to-end anastomosis case, because of throm-
bus development resulting from a surgical technical
error, the anastomosis was revised. Thrombectomy
was performed in the others.
An early postoperative complication, local wound
infection, was observed in 5 cases. These were treated
with suitable antibiotics and debridement.
In four of our patients, surgical intervention
remained insufficient, forcing a resort to amputationEur J Vasc Endovasc Surg Vol 32, December 2006(9.1%). Two of these amputations were above the
knee, one was below the knee and the other was
below the elbow. In two of these patients, amputation
was required due to recurrent thrombus. One of them
was admitted to hospital more than 18 hours after
the injury and had a large tissue defect. The second
patient, who arrived at the hospital 20 hours after
the injury, was suffering from venous injury. The third
patient, who was 24 hours late in coming to the hospi-
tal, had large soft tissue loss and bone fracture. The
fourth patient had venous injury, bone fracture, and
large soft tissue loss. There were signs of severe ische-
mia in all amputation cases. Mortality occurred in one
case (2%), due to head trauma.
With regard to late period results, 13 out of 44
patients were contacted. Average follow-up time
was 72.69 45.09 months. Physical examination and
vascular color Doppler US were adequate in the
long-term evaluation except for in one patient. Arteri-
ography was performed in this patient due to his
weak distal pulses and unsatisfactory vascular Dopp-
ler US results. A patent saphenous vein graft was
detected by arteriography. We assessed the use of
the saphenous vein in the reconstruction of arterialTable 2. Distribution of the venous injuries and how they were repaired
Location of
venous injury
n (%) Reconstruction techniques
Ligated n (%) Lateral suture n (%) End-to-end n (%) Safenous vein n (%)
Total 25 (100) 1 (4) 4 (16) 6 (24) 14 (56)
Upper limb 6 (24) 1 (4) e 2 (8) 3 (12)
Axillary 1 (4) e e 1 e
Brachial 5 (20) 1 e 1 3
Lower limb 19 (76) e 4 (16) 4 (16) 11 (44)
Femoral(common/superficial) 11 (44) e 2 3 6
Popliteal 8 (32) e 2 1 5
693Peripheral Vascular Injuries Due to Firearms in Childrengrafts and the venous system in the late period in the
13 patients that we contacted. In one patient, we
found intimal proliferation without stenosis along
the anastomosis in the saphenous vein graft that
was interposed into the popliteal region (Fig. 1). In
the patient that required arteriography, it was
observed that the saphenous vein that had been inter-
posed into the popliteal region was arterialized
(Fig. 2). However, since bone and soft tissue defects
in the extremity restricted extremity functions
(Fig. 3), we observed restricted growth in the native
Fig. 1. Physical examination of a soft tissue defect after ten
years. In spite of the leg diameter having thinned the ex-
tremity functions were orthopedically normal.
Table 3. Other non-vascular injuries accompanying vascular
trauma
Non-vascular injuries n¼ 42 %
Bone fracture 18 42.8
Soft tissue defect 10 23.8
Nerve loss 7 16.6
Tendon injury 3 7.1
Hemopneumothorax 2 4.7
Cranial injury 1 2.3
Intraabdominal injury 1 2.3vascular structures. In the late period follow-up, there
were no problems in the 5 patients in which we had
performed venous repair. In these patients, lateral su-
tures were used in 3, end-to-end anastomosis in one
and saphenous vein interposition in one. The patient
(axillary arterial repair) in whom we had applied
a synthetic graft experienced no problems during
the early postoperative period but we were unable
to contact this patient during the late follow-up
period.
Fig. 2. Intimal proliferation at the anastomosis line of the
saphenous vein graft.
Fig. 3. Arterialized saphenous vein graft after eleven years.Eur J Vasc Endovasc Surg Vol 32, December 2006
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Vascular injuries are frequently seen in children but
they are rarely caused by firearms. Pediatric vascular
injuries reported in most series often include iatro-
genic injuries during cardiac catheterization and per-
cutaneous vascular intervention. In fact, there is
insufficient information about this subject although
the incidence of vascular injuries among the pediatric
population has increased due to the proliferation of
terrorism and acts of violence in the community.1e3
Vascular injuries due to firearms in children made
up 4.9% of all cases of vascular trauma in our clinic.
The rapid transportation of patients to hospital and
early surgical intervention are fundamental for the
success of an operation. Diagnostic timing and repair
are the cornerstones of successful vascular injury
treatments. The period of tolerance of skeletal muscle
for ischemia is around 6 hours.6,11 In fact, regardless
of delay, the condition of ischemia before the opera-
tion affects the success rate. In injuries where the dis-
tal limb is ischemic and revascularization is delayed
by fracture, fixation or complex soft-tissue repair tem-
porary shunting should be considered. A temporary
arterial shunt after blunt lower limb trauma signi-
ficantly reduces total ischemic time, complications,
repeat operations and hospitalization.6,8 However, in
our series temporary arterial shunts were not used.
In the literature on adults, Doppler ultrasonogra-
phy confirms the localization and characteristics of
vascular injuries.12 However, its role in vascular in-
juries in children is not clear. In our series, Doppler
ultrasonography was used for long-term follow-up
only. Hand Doppler was used for preoperative and
postoperative diagnosis.
Angiography carries the risk of iatrogenic injury
since children have small-caliber vessels, and thus
its use should be avoided in these subjects whenever
possible.13 Patients with open vascular injuries should
be taken to the operating room directly. Therefore, we
did not need to perform angiography in practice
except for in 3 cases. In these patients, no distinct
bleeding, distal ischemia or hematoma was observed.
The ultrasonographic findings were not sufficient for
diagnosis. No complications were seen during the
angiography.
The protocols for the surgical approach to vascular
trauma in children are similar to those in adults.3,14,15
As in adults, following the resection of a damaged
segment, end-to-end anastomosis or saphenous vein
interposition is preferred for artery repair. Most au-
thors recommend that the use of continuous sutures
be avoided because there can be a narrowing along
the suture with growth.1,3,4,14 In our series all vascularEur J Vasc Endovasc Surg Vol 32, December 2006anastomoses were completed with interruption suture
techniques using nonabsorbable monofilament suture
material. The other technique for vascular repair in
children is the continuous use of absorbable mono-
filament sutures.16,17 Arterial ligation is not used be-
cause of poor collateral circulation.
In our series, we initially used end-to-end anasto-
mosis. We also used a saphenous vein interposition
graft in patients unsuitable for primary anastomosis.
Since the saphenous vein was not sufficient in one pa-
tient, we used a synthetic graft for this axillary artery
case. We found that the use of the saphenous vein in
the reconstruction of an arterial graft and venous sys-
tem was successful in the long-term follow-ups and
that it did not cause any problems in any of the pa-
tients that were contacted. Harris et al.9 found no
aneurysmal degeneration in saphenous vein bypass
grafts used in children for vessel injuries with mean
35-month follow-up period. Cardeneau et al.18 found
among patent saphenous vein grafts available for
follow-up that 36% remained unchanged and 50% de-
veloped nonaneurysmal dilatation among 14 cases.
Together with arterial repair, venous injury repair
is recommended in order to prevent postoperative
edema and to keep repaired arteries open. Venous
ligation is suggested in patients whose general condi-
tion is not good, as the operation should not be long.
In all suitable cases, venous repair should be per-
formed.3,7,8,9,19 We generally preferred venous repair.
In one case ligation was used in order to avoid
a long brachial vein operation.
The vascular damage in injuries due to firearms is
greater than that in cutting and stabbing injuries.
Vessel spasm can be a particular problem in pediatric
vascular traums. This problem can be solved by per-
forming mechanical hydrostatic expansion. However,
there is a risk of endothelium damage. Local adminis-
tration of diluted papaverine (1:60) can help.4,9 We
used plenty of diluted papaverine at the distal and
proximal ends of the artery in all our patients to
prevent spasms during surgery. Kishi et al.20 stated
that pentoxifylline attenuated reperfusion-associated
membrane injury and tissue edema and that it sup-
pressed leukocyte adhesion and improved hindlimb
blood flow during the reperfusion period. In addition,
early systemic administration of unfractionated hepa-
rin has been suggested to prevent small vessel throm-
bosis and to improve the limb salvage rate.4,11
Fasciotomy is suggested by some authors to in-
crease arterial collateral circulation and thus decrease
ischemia. It was usually performed after vascular
repair in the published series.5,11,21,22 In our series,
we used fasciotomy in 8 patients that developed stage
1 compartment syndrome following arterial repair.
695Peripheral Vascular Injuries Due to Firearms in ChildrenWe think that these kinds of patients should be care-
fully followed before fasciotomy is performed. Unnec-
essary trauma should be avoided. We recommend
fasciotomy for cases in which compartment syndrome
develops. Amputation rates after these injuries vary
widely depending in large part on the degree of skel-
etal and soft tissue destruction. Amputation rates as
low as 4% have been reported with isolated arterial
injuries, although rates as high as 61% have been
seen when combined vascular, skeletal and soft tissue
injuries are present. In the literature, the amputation
rate varies from 0% to 5% in the pediatric popula-
tion.3,5,23 In our series, the rate was 8%. Nerve damage
can be a cause of disability in children. We repaired 3
cases of nerve damage accompanying arterial injuries
in our series. No neurological deficit was determined
in the long term.
In conclusion, increasing terrorism and social acts
of violence have led to an increase in noniatrogenic
vascular traumas in the pediatric population. Patients
with suspected vascular injuries should be treated
quickly and effectively. Angiography should be
avoided in cases of vascular injuries. In principle,
thermally damaged artery ends should be resected.
Reconstruction should be used to repair venous in-
juries. Unnecessary fasciotomy should be avoided.
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